Abstract. This formative study introduces DojoIBL, a web-based platform to support collaborative inquiry-based learning processes. By supporting communication and collaboration with emerging technological affordances, DojoIBL aims at nurturing communities of inquiry. The study elaborates on the theoretical underpinning of DojoIBL, describes its added value and presents a detailed explanation about the functionalities supported. Thereafter, an evaluation about how users perceived DojoIBL has been performed. Besides, the positive acceptance from participants, the results also showed that DojoIBL seems to be a suitable tool to support essential components of communities of inquiry. The study concludes anticipating the integration of role support as future developments of DojoIBL.
Introduction
In recent years, there has been an increasing interest in socio-constructivist learning methods e.g., (mobile) inquiry-based learning (IBL) [1] , as well as the technological tools that support them [2] . IBL is often characterized as a collaborative process, in which a combination of informal and formal activities socially interconnected. These need to be seamlessly supported in order to provide an effective and complete experience to the students. The collaborative inquiry process was aptly defined in the 'Community of Inquiry' approach [3] , which emphasizes that creation of knowledge requires social interactions from individuals with different background information.
However, there is still a lack of research on the technological affordances which can be offered to enhance the IBL process and nurture a community of inquiry. For instance, the power of cloud based services in combination with instant communication or notifications have not been entirely explored in the context of inquiry-based learning. Previous studies conducted in the context of the weSPOT European project [4] 1 , a three-year project in which experience and knowledge about IBL have been acquired, showed that there were issues integrating and using technology in collabora-tive IBL processes. These issues were related to the lack of adequate technological affordances nurturing the communities of inquiry. Certainly, teachers faced difficulties to encourage and to help students explore topics as a community.
In our effort to study an affordable solution that combines the essential elements to support IBL with the added potential of new technological affordances to support collaborative inquiry, this research study contributes DojoIBL, a platform that focuses on supporting 'Community of Inquiry' (CoI).
In the first two sections we will elaborate the theoretical underpinnings of DojoIBL; existing IBL solutions and social collaborative tools are discussed, and the rationale to develop DojoIBL is explained. Next, the design principles of the DojoIBL are described. The added value of DojoIBL, as compared to other IBL solutions, is argued in section four. Thereafter, in section five and six, the research design of the study is introduced and the results of a study into DojoIBL user experiences are described. Section seven elaborates on the interpretation and discussion of the results. Finally, the conclusion and the future work of the DojoIBL platform are outlined.
2! Theoretical framework
Inquiry-based learning is defined on the premise that learning is more than memorizing information, rather it is a process of understanding, developing inquiry skills and constructing knowledge sparked by curiosity [5] . Often, these inquiry processes incorporate an element of collaboration, which was defined in [6] as the engagement of students in a common endeavor. Collaboration transforms the inquiry activities into processes of co-construction of knowledge around shared understandings or concepts.
Collaborative inquiry learning has also been defined in [7] in its Knowledge building approach, as an unpredictable, holistic process of creative development of ideas within a community of learners [5] . Moreover, socio-constructivist learning theories stated that knowledge is materialized when people, with different background information, collaborate to find answers to a problem.
Community of inquiry
These definitions of collaborative inquiry-based learning, anticipated the concept of community in IBL. [3] coined the term 'Community of Inquiry' (CoI) to refer to a group of individuals (facilitators and students) transacting with the specific purposes of facilitating, constructing, validating understanding and developing capabilities leading to further learning. In other words, the CoI framework is concerned with the nature of knowledge formation in IBL. [8] already defined it as a continuous exploration of a topic of students' interest, where community members (students) engage in social interactions to generate shared understanding. It has been shown in the literature that text-based communications have a considerable potential to facilitate the creation of communities of inquiry (CoI) [9, 10] . As already mostly evident in the definition given in [11] , CoI comprises three essential components to any educational transaction: cognitive presence, which is defined as the capability of each participant in the CoI to construct meaning through sustained communication [9] , social presence that relates to the ability of students to positioned themselves socially and affectively in the CoI [12] and teaching presence, which is characterized as the design, facilitation and direction of cognitive and social processes in order to produce meaningful co-creation of knowledge [13] . [14] emphasized the need to establish a common ground and perform in a community of practice (even broader than CoI) in order to work and learn efficiently. Notifications and awareness in collaborative activities can contribute to achieve this common ground [15] . [15] defined the three following types of collaboration awareness. Social awareness, relates to the presence of others working in parallel and it involves motivational or attitudinal aspects like timing, frequency or intensity. Action awareness copes with the idea that social awareness is not enough. Besides knowing who is around, students must be informed about what is happening. The last type, activity awareness, advices organizational and structural changes that helps students to understand the context of the inquiry activity.
Social collaboration supported with technology
Research has shown that technology can support inquiry-based learning [16, 17, 18] . We attribute this to advancements in technology and its capacity to rapidly offer new possibilities for scaffolding and supporting the inquiry-based learning process. Premised on the theoretical framework of social constructivism, inquiry-based learning supports co-creation of knowledge through social interactions, between studentsstudents and students-facilitators. Co-Lab [18] , an online desktop environment offering an integrated approach for collaboration, modeling and inquiry, already addressed this to promote scientific discovery learning. Other developments such as nQuire [19] 2 , a software application to guide personal inquiry learning, or Go-Lab 3 [20] (through Graasp 4 ) a project that provides guided experimentation that helps them acquiring inquiry skills, addressed collaboration. However, these platforms have not yet fully exploit emerging technological affordances. More recently, educational platforms like Edmodo 5 or ClassDojo 6 have enabled students to connect and to collaborate using cloud-based and social functionalities similar to the affordances of most popular social network platforms. Edmodo, is a social learning community where students, teachers and parents form communities or groups of their interest. It uses the timeline metaphor to display the latest posts in the communities or groups the user is following. The user's contributions are based on the following four types; notes, assignments, quiz or polls, which allow participants to connect around shared ideas. Comparable, ClassDojo is a communication platform that aims at encourage students to learn in a happier way engaging parents on the process. ClassDojo has three visualizations for the classroom; class story, a timeline visualization of the latest contributions, a classroom visualization where all the students are displayed facilitating stu-dents' rewarding and messages visualization to easily connect with others. Both initiatives provide resources to increase students' awareness and communication.
Group awareness has been an emerging topic in Computer Supported Collaborative Learning (CSCL) research [21] . Three types of awareness can be extracted from the above research studies; process, social and activity awareness [14, 15] [22] . Each of the studies focuses on helping students to visualize and manipulate social processes in order to understand how the group moves forward. Moreover, regarding communication, it has been proven in literature that text-based communication has a considerable potential to facilitate the creation of communities of inquiry (CoI) [3] [10] .
To sum up, current platforms [19, 20] have sought to support the IBL process. These platforms have yet to fully harness the affordances of educational and social network platforms (e.g. ClassDojo and Edmodo) and emerging technological tools to support social collaboration and to nurture community of inquiries. Hence, based on existing initiatives and studies, this research explores the affordances of emerging technologies in the design of DojoIBL to foster communities of inquires. Essentially, it investigates how DojoIBL can facilitate social interactions and raise students' awareness of collaborative IBL processes.
3! Research design
This research study introduces DojoIBL, a multi-device Learning Content Management System 7 (LCMS) to scaffold and to support students' collaborative knowledge co-construction process in IBL. Rather than delivering course content material, DojoIBL provides the tools and the structure to foster collaborative IBL processes from any device. DojoIBL has been developed following a design-based research approach [23] in which teachers, designers and researchers collaboratively generate feedback feeding the iterative and incremental development process. Results of the weSPOT European project [4] , showed that it is important to involve teachers in the early stages of the design and development process; giving us a broader perspective on the flexibility that the platform should have. The weSPOT project experiences and knowledge encouraged our team to develop DojoIBL, following several design principles that will be summarized.
The weSPOT project showed that students can be overwhelmed if the cognitive requirements demanded by our system are too high. Therefore, one of our aims was to reduce extraneous cognitive load, by ensuring that all elements included in DojoIBL add value to the learning experience. Thus, unnecessary information or elements that distract students from learning have been avoided in the interface, and visual representations of the inquiry process have been used to make the system more intuitive. Moreover, research studies on IBL [24, 25] exemplify the need to scaffold the inquiry learning process hence, DojoIBL breaks down the inquiry process into phases [25] , and the phases into activities, in order to provide implicit guidance on the inquiry process.
Inquiry based Learning is a collaborative process [5] [7] [26] where students also learn from their peers by reflecting and building on top of one another's ideas. Hence, DojoIBL implements an instant messaging system supporting cognitive presence, social presence and teaching presence [11, 12, 13] which contributes to generate a Community of Inquiry [3] [10] . Yet, students per se are not skilled on acting as a community. Consequently, teachers' orchestration [27] and scaffolding remain essential [28] , especially at early stages of the inquiry process. In addition to instant messaging, DojoIBL implements a notification system and an inquiry timeline, which facilitates asynchronous collaboration and raise awareness among students [15] .
In short, DojoIBL focuses on adding value to the authentic inquiry experiences, providing an intuitive, simple and flexible tool that enables collaborative self-directed learning for students and just in context -time and place -orchestration for teachers (Fig. 1 ).
4! Affordances of DojoIBL
DojoIBL is an open source platform that builds on the ARLearn framework [29] , a PaaS cloud based architecture deployed in Google App Engine (GAE). DojoIBL is a Learning Content Management System that provides atomic inquiry elements to structure collaborative inquiry processes. This section illustrates how the design challenges are addressed in DojoIBL, as well as discusses the added value of DojoIBL as compared to existing IBL solutions. One of the main characteristic of DojoIBL is that users are able to design blueprints or templates for an inquiry structure. That means, several inquiries can be created based on the same blueprint or template of an inquiry structure. As a consequence, students can work in groups on different topics using a common inquiry structure. In addition, similar to what other educational platforms like Spiral.ac 8 or Edmodo 9 do, DojoIBL generates unique codes for each inquiry group. Consequently, managing and organizing students in inquiry groups can be reduced to share the specific codes with them. This functionality addresses one of the design requirements introduced before, simplicity.
Another design requirement highlights the necessity to work with intuitive designs and platforms that help students understand the inquiry process. The opportunity to practice, understand and master the steps needed to answer any given question helps students to be more self-directed learners and to be less dependent on facilitators' scaffolding. For instance, existing solutions like nQuire, uses visual representations of the inquiry cycle. In DojoIBL, inspired by those existing solutions, an interactive visualization of the inquiry structure is used (Figure 1 ). This visualization builds on the IBL model [4] and represents every inquiry phase as a cycle, that when clicked opens the activities related to this phase. DojoIBL aims at supporting authentic and transformative [31] inquiry learning processes. Rather than teachers providing the conceptual knowledge, IBL relies on teachers orchestrating and scaffolding the process using different strategies or structures [31] . To help students achieve higher order thinking and to create opportunities for students to develop their inquiry skills and their own understanding around questions, DojoIBL uses atomic inquiry elements. An atomic inquiry element is defined as the smallest re-usable type of activity that can be added to an inquiry phase. Currently, there are six types of activities available in DojoIBL, and each type provides a specific pedagogical affordance:
•! The research question is an essential part of IBL where students collaboratively work around a shared question or topic. It aims at developing critical thinking skills [9] [11] [32] , and it must be supported with tools to generate individual discussions, which enables self-directed learning as each student can create his/her own question, and other can contribute to it.
•! Discussion forms the simplest type of activity which is based on plain text.
Students can find a description, a story or a definition that inspire them about the specific topic. Activities are flexibly enabling any kind of activity design. For example, activities inform the student about the criteria (i.e. rubrics) that the teacher will use to evaluate in that particular activity. This will help students to work towards a save direction (Figure 2 ). •! Data collection enables the visualization and uploading of data to DojoIBL.
Every piece of research contains some sort of data collection, which very often consist of collecting existing information on the internet or in their environment.
•! Concept mapping helps students to represent and organize knowledge and concepts around a topic [33, 34] . We have developed a type of activity that stores the information on the server, rather than relying on services like Mindmeister 10 that stores the concept map data externally.
•! External plugin enables the integration of external widgets repositories like GoLabs [20] . Those widgets provide the possibility to conduct scientific experiments in a virtual environment.
•! Multimedia are similar to discussion activity but it adds the possibility to incorporate a multimedia element to inspire students. The multimedia can be used to support the description of the activity.
The activities are provided with an individual section for comments or explanations. Students can, for example, share, negotiate or compare their ideas. Actually, they can experience what the study [35] defined as the five phases of negotiation and knowledge co-construction: sharing and comparing, dissonance, negotiation, coconstruction, testing and application. In addition, in order not to increase extraneous cognitive load for students, the design is inspired on existing social network platforms. The idea is to help students to get confidence with system quickly to speed up the adaptation phase. The last requirement in the design section was the support of collaboration. The instant messaging system (right side of figure 3 ) offers a communication channel that is contextualized to the inquiry topic, therefore discussions through the chat system are embedded in a context which helps to focus the discussions. The instant messaging facilitates the support of the three essential components of any educational transaction; cognitive, social and teacher presence [11, 12, 13] . In addition, using an integrated communication channel external ways of communication are not needed anymore. This avoids the organizational burden of collecting students and teachers phone numbers or accounts to have a shared channel to communicate.
Additionally, DojoIBL implements a notification system and an inquiry timeline as is shown in figure 3 . The timeline metaphor [36] works as a common ground where teachers and students have a high-level overview of the inquiry progress. Both the timeline and the notification system, promote collaboration awareness based on social, action and activity awareness described in [14] . Many social networks like Facebook® and Twitter® and also educational platforms like ClassDojo and Edmodo provide excellent patterns for communication that are used everyday by a large number of users. Inspired by these patterns, DojoIBL integrates several functionalities to facilitate students' collaboration and communication combined with atomic inquiry elements. 
5!

First formative Study
DojoIBL will be used in already planned interventions in Dutch schools. In order to address any potential problems with the platform, a formative study was undertaken. The goal of this formative study was to get an understanding of how users perceived the integration of IBL functionalities with social collaborative tools.
For this experiment we had a total number of 11 experts in the field of Technology Enhanced Learning. Participants were invited to take part in the experiment voluntarily. To get an understanding of how the users perceived DojoIBL, a standardized User Experience Questionnaire (UEQ) [37] was used. The UEQ was designed to obtain a fast and immediate measurement of the user experience of interactive products [38] . It consists of 26 items that measure the perception of a user interface regarding pragmatic, hedonic and attractiveness dimension. Attractiveness represents the overall impression of the product, whereas pragmatic and hedonic are defined as follows.
Pragmatic dimensions include:
•! perspicuity: How easy is to get familiar with the product?
•! efficiency: Can users solve their tasks without unnecessary effort?
•! dependability: Does the user feel control of the interaction?
Hedonic dimensions include:
Is is exciting and motivating to use the product?
•! novelty: Is the product innovate or creative? Does the product catch the interest of the users?
Attractiveness is represented by 6 items whereas pragmatic and hedonic by four items each. Next to the UEQ, the users perceived usability of DojoIBL was measured using the System Usability Scale (SUS) [39] . SUS is a reliable tool for measuring usability, which consists of 10 items with five possible answers. Both UEQ and SUS are quantitative analysis, therefore to complement the evaluation a semi-structured interview was used. This interview consists of three open questions for collecting more qualitative feedback.
Experimental design
This formative study lasted for one and a half week. To inform and exhort participants to take part in the experiment, two emails were sent to them. The first one was sent a couple of days before the experiment started and it explained the goal and described the activity. The second email, sent on the same day where the activity started, provided the credentials for the participants to access DojoIBL. Participants were instructed to login DojoIBL, to join one inquiry using an inquiry code and to follow the activities created within the inquiry.
As the goal of the experiment was to know how users perceived the tool, we provided the participants a series of activities based on open ending questions to engage them with DojoIBL. During the time that the activity was running, participants talked in parallel about the topics discussed in DojoIBL. To collect feedback about the user experience (UX) participants were invited to answer questionnaires.
6! Results
The 11 participants generated in DojoIBL 260 messages in the chat and 92 responses for the 5 activities created for the inquiry. From those 92 responses, 31 were generated in the concept map and 61 were comments to activities (43 were initial comments and 18 replies to other's comments). The means (ranging from -3 to 3) and standard deviations (in parenthesis) of the UEQ dimensions for the 11 participants were: attractiveness 2.04 (0.51), perspicuity 1.84 (0.55), efficiency 1.82 (0.51), dependability 1.43 (0.82), stimulation 1.77 (0.61) and novelty 1.61 (0.67). According to these results, participants were equally satisfied with the judgment of hedonic and pragmatic quality dimensions and slightly more satisfied with the attractiveness dimension. For testing the reliability of the dimensions, Conbrach's Alpha was calculated for each dimension. Attractiveness 0.85, perspicuity 0.7, dependability 0.69 and stimulation 0.71 showed a satisfactory reliability. Comparing the results to a benchmark based on data from 163 studies, DojoIBL scored in the 10% best results in all the scales besides dependability. The overall usability of DojoIBL was rated as high by the participants. The mean score for the SUS was 78.0 (12.6). The confidence interval, with confidence level on 95%, ranged from 69.46 to 86.45. For testing reliability Conbrach's Alpha was calculated obtaining 0.81, which shows a satisfactory reliability. According to what SUS suggests, both the mean and the confidence interval are above 68 which is considered above the average.
From the semi-structured interviews, a number of issues were identified. In five cases, the participants reported problems while navigating back to the phase from the activities. Respondents stressed that going back to the phase overview was not intuitive enough. Also three participants noted problems positioning nodes in the concept maps. The suggestions for improving included a better way to qualify and label the links in the concept map, default inquiry templates while creating new inquiries following existing inquiry models and the integration of learning analytics.
The results, as shown in Figure 4 , confirmed that participants liked DojoIBL and it can be appreciated in several comments like "I really like the social functionality" or "I like the timeline" found in the chat.
7! Discussion
DojoIBL has been developed through a process of design-based research, which promotes progressive refinement of the design [23] . Our conception of social collaborative inquiry learning and its support using DojoIBL motivated the conceptual basis for DojoIBL design, development and refinement leading to the impending interventions in the schools.
Our goal in this formative study was to gain a better understanding of the way in which the users perceived DojoIBL. In particular, how they perceived the integration of social collaborative tools into an IBL platform. The UEQ scales efficiency, perspicuity and dependability, which measured classical usability, showed that participants perceived DojoIBL as a suitable platform to elaborate and hold discussions around open ended questions. In addition, log data also supported this perception. Participants contributed 8 times on average to activities and they sent on average 23 messages to the chat. The 11 participants were merely instructed to read the description of the activities, having the freedom to contribute or not. Their levels of engagement in social interactions shows that DojoIBL supports social collaborative processes. These interpretations can be confirmed by the SUS questionnaire, where participants, with a high reliability, found the system easy to use and the DojoIBL functionalities very well integrated.
More interpretations can be extracted from the semi-structured interviews. In general participants described the instant messaging as very convenient an intuitive resource to communicate and to ask for specific support. Thus this showed support for two of the components of any educational transaction defined in CoI [3] [10]: social and teaching presence. Regarding cognitive presence, participants found the possibility to discuss around inquiry activities very interesting. They argued that, while instant messaging provides a quick way to communicate an idea, the affordance to also comment on activities provide students time to reflect and to elaborate their contributions. Therefore, this way of communication might be preferable to instant messaging or even oral communication when the goal is to increase high-order cognitive learning [9] .
Participants also reflected about the degree of awareness supported. It seemed that social and action awareness [14] were covered with the combination of using notifications and the timeline, as the participants found them convenient to track what others' were doing. However, no evidences were reported about the support of activity awareness, which informs users about organizational or structural changes.
In summary, the overall impression from the participants was positive. Besides the feedback that will be addressed and included in the next round of development, participants were excited about the potential of DojoIBL. This was explicitly manifested when some participants showed their interest about future steps of DojoIBL in terms of interventions with students and the roadmap for future updates.
8!
Future work and conclusion
This manuscript presented DojoIBL, a Learning Content Management System that aims at nurturing 'Community of Inquiry' (CoI), by helping students to co-create knowledge through social interactions. It combined essential elements to support inquiry-based learning (IBL) with social collaborative tools in order to facilitate better collaborative processes. In short, DojoIBL focused on adding value to teachers and students' IBL experiences by providing a simple, intuitive and flexible tool.
This formative study informed about how the users perceived DojoIBL, particularly the integration of collaborative tools into an IBL platform. The results showed a positive acceptance from participants, perceiving DojoIBL as a suitable tool to engage in collaborative inquiry processes. In addition, the results also showed that DojoIBL copes with the three essential components to any educational transaction described in CoI: cognitive, social and teaching presence.
In future developments of DojoIBL, the integration of role support [40] to enable testing the role taking strategy in IBL processes will be addressed. Roles, as a way to foster communities of inquiry by facilitating interactions between inquirers and fostering positive interdependence [41] will be further investigated.
To conclude, this manuscript contributed DojoIBL, an open source platform that aims at fostering communities of inquiry for driving students' success facilitating the acquisition of the so called 21 st century skills, e.g. communication and collaboration.
